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RESULTS OF TRANSONIC WIND TUNNEL TESTS 
ON AN O.OIO-SCALE SPACE SHUTTLE MATED VEHICLE MODEL 
72-OTS IN THE LaRC 8-FOOT TPT (IA43) 

By 

M. T. Petrozzi and M. D. Milam, Rockwell International Space Division 

ABSTRACT 

Experimental aerodynamic Investigations were conducted In NASA/Langley 
8-Foot Transonic Pressure Tunnel on a sting mounted 0.010-scale outer mold 
line model of 140A/B configuration of the Rockwell International Space 
Shuttle Vehicle. These tests were conducted during the time period from 
August 26, 1974 to August 30, 1974. 

The primary test objectives were to obtain 1) six component force 
and moment data for the mated vehicle at subsonic and transonic conditions, 
2) effects of configuration build-up, 3) effects of protuberances, ET/ 

Orblter fairings and attach structure and 4) elevon deflection effects on 
wing bending moment. 

Six component aerodynamic force and moment data and base and balance 
cavity pressures were recorded over an angle of attack range of -10® to 
+10° at Mach numbers of 0.6, 0.8, 0.9, 0.98, 1.13* and 1.2. Selected con- 
figurations were tested at sideslip angles from -10® to +10°. For all 
configurations Involving the orblter, wing bending and torsion were measured 
on the right wing. 

For all build-up tests the elevons, body flap, rudder and speedbrake 


/ 


t 


111 


D 


ABSTRACT (Concluded) 


settings were 0°. 

For the tests to determine the effects of elevon setting upon wing 
bending moment* Inboard elevon setting of 0 # » +4® and +8® and outboard 
settings of 0°* +4® and +8® were tested. 

The model was sting mounted on the NASA/LRC 839A balance. For most 
tests the balance was Installed In the orblter. For configurations where 
the orblter was excluded* the balance was Installed In the external tank. 
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DLTCNF, DLTCLM, DLTCAF vs. DEL-LO 




NOMENCLATURE 

General 


SYMBOL 


PLOT 

SYMBOL 


q(nsm) 

Q(PSF) 


ALPHA 


SUBSCRIPTS 


DEFINITION 

speed of sound; m/sec, ft/see 
pressure coefficient; (p^ - p®)/q 

Mech number; V/a 

pressure; N/m 2 , psf 

dynamic pressure; l/2pV®, N/m 2 , psf 

unit Reynolds number; per m, per ft 
velocity; m/sec, ft/sec 
angle of attack, degrees 
angle of sideslip, degrees 
angle of yaw, degrees 
angle of roll, degrees 
mass density; kg/m^, slugs/ft^ 
Reference & C.O. Definitions 

base area ; m 2 , ft 2 

wing span or reference span; m, ft 

center of gravity 

reference length or wing mean 
aerodynamic chord; m, ft 

wing area or reference area; m 2 , ft 2 

moment reference point 

moment reference point on X axis 

moment reference point on Y axis 

moment reference point on Z axis 


base 

local 

static conditions 
total conditions 
free stream 
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NOMENCLATURE (Continued) 
Body-Axla Syntom 


SYMBOL 

PLOT 

SYMBOL 

DEFINITION 

°N 

CN 

qs 

C A 

CA 

axiel-force coefficient} a3c * 8 ^ £ orce 

qs 

c Y 

CY 

qs 

°A b 

CAB 

bn oo -force coefficient; bnse £ orce 

qS 

-AjjtPb - P<n)/q3 

®Af 

CAF 

forebody axial force coefficient, C A - C Ab 

c m 

cm 

citchinf '-moment coefficient: pitching moment 

qS/REP 

C n 

CYN 

yawing-moment coefficient; y?y^ n S^ oment 

C i 

CBL 

rolling-moment coefficient; r ,°LLing moment 



Stability* Axis Syntom 

C L 

CL 

lift coefficient; 

qS 

C D 

CD 

d rng coefficient; 

qS 

C Db 

CDB 

bane-drag coefficient; ^ Boe 4 r ?.6 

qS 


CDF 

forebody drag coefficient; Cp - Cj^ 

C Y 

CY 

nide-force coefficient; ^ orce 

qS 

c m 

cm 

pitching-moment coefficient; P.*£ c ft*. n fi mon y nt 

* 8 *raar 

C 

n 

CLN 

yawing-moment coefficient; moment 

qSb 

C t 

COL 

rolling-moment coefficient; ro ^M n g moment 

qSb 

l/d 

l/d 

lift-to-lrag ration Cj/C D 

L/Df 

l/df 

lift to forebody drag ratio; 
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NOMENCLATURE (Continued) 
Additions to Standard List 


bol 

CPS 

T 

MS 

RB 

RBN 

T 

RB 

ET 

QMS 

o 

SRB 

onk;i\ 


Plot 

Symbol Description 

attitude control propulsion system base area, ft 
external tank base area, ft 2 

OMS pods base area, ft 2 
Orblter fuselage base area, ft 2 

Orblter body flap base area, ft 2 

SRB base area, ft 2 

SRB nozzle base area, ft 2 
external tank balance cavity area, ft 2 
Orblter balance cavity area, ft 2 
Orblter wing span. In 

CABAFO base axial force coefficient at alpha = 0 

CABET external tank base axial force coefficient 
OMS pod base axial force coefficient 
CABO Orblter base axial force coefficient 
CABSRB SRB base axial force coefficient 

CAFAFO forebody axial force coefficient at alpha = 0 




NOMENCLATURE (Continued) 
Additions to Standard List 


Symbol 

Plot 

Symbol 

Description 

c *s 

CBLBTA 

derivative of rolling moment coefficient 
(-5 < 0 < 5); per degree 

C B W 

CBM 

Orblter wing bending moment coefficient 


CLMAFO 

forebody pitching moment coefficient at 
alpha « 0 

c m a 

CLMALF 

derivative of pitching moment coefficient 
(-5 < o < 5); per degree 

%I 

CLWI 

wing root roll axis bending moment coefficient 
abcjt inboard gage, C AwI * m^qSb 

C *W0 

CLWO 

wing root roll axis bending moment coef**<. .t 
about outboard gage', C^q * m^/oS* 

S>f 

CLMBF 

Orblter bodyflap base pitching moment coefficient 

XT 

O 

CLMBO 

Orblter fuselage pitching moment coefficient 

Cmf 

CLMF 

forebody pitching moment coefficient 

SfG 

CMWG 

v* ng root pitch axis bending moment coefficient 
about gage, C^ = m 3 /qSc 

C Na 

CNALFA 

derivative of normal force coefficient 
(-5 < a < 5); per degree 


CNBF 

Orblter body flap normal force coefficient 

K 

CNBO 

Orblter fuselage base normal force coefficient 

c Nf 

CNF 

forebody normal force coefficient 


NOMENCLATURE (Continued) 
Additions to Standard List 


Symbol 

Plot 

Symbol 

Description 

O 

It 

CNFAFO 

forebody normal force coefficient at alpha * 0 

C N W 

CNW 

Orblter wing normal force coefficient 

^bgj 


external tank hase pressure coefficient 

Cp bf 


bodyflap base pressure coefficient 

Cp b 0 


Orblter fuselage base pressure coefficient 

C|>b SRB 


SRB base pressure coefficient 

Cp 0MS 


OMS pod base pressure coefficient 

% 

CTW 

wing torsional moment coefficient 

c 


wing mean aerodynamic chord. In 

S 

CYBETA 

derivative of side force coefficient 
(-5 < 3 < 5); per degree 

% 

CYNBTA 

derivative of yawing moment coefficient 
(-5 < 3 < 5); per degree 

A6 ei 

DEL-LI, 

DEL-LO 

Incremental Inboard tlevon deflection angle, 
difference between two runs; deg. 

A6 e 

e O 

DEL-LO, 

DEL-RO 

Incremental outboard elevon deflection angle, 
difference between two runs; deg. 

AC Af 

DLTCAF 

Incremental forebody axial force coefficient, 
difference between two runs 

ACm 

DLTCLM 

Incremental pitching moment coefficient, 


. difference between two runs 
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NOMENCLATURE (Continued) 
Additions to Standard List 


Symbol 

AC N f 

\ 

*b 

mi 

m2 


Plot 

Symbol Description 

DLTCNF Incremental forebody normal force coefficient, 

difference between two runs 

Orblter base Incidence angle, deg. 

Orblter fuselage length. In 

wing strain gage number 1 measurement. In-lb 

wing strain gage number 2 measurement. In-lb 


m3 


wing strain gage number 3 measurement. In-lb 


p t ) 


X CPw 

Xg 3 

x 0 


pressure measurement at orifice number equal to 
subscript, psla 

XAC/L longitudinal center of pressure locations, ratio 
of the derivatives of pitching moment coefficient 
and normal force (CLMALF/CNALFA) 

XCPW longitudinal location of wing center of pressure, 
inches aft of Orblter nose (X 0 » 235) 

longitudinal location of wing strain gage number 
3, In. X 0 

Orblter longitudinal station. In 


X S 


SRB longitudinal station. In 


X T 


external tank longitudinal station. In 


X^rc longitudinal location at wing reference center, 

YAC/L lateral center of pressure location, ratio of the 
derivatives of yawing moment coefficient and side 
force (CYNBTA/CYBETA) 
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NOMENCLATURE (Continued) 
Additions to Standard List 


Y CP W 

V 6l 

y G 2 


Yo 

YS 

YT 

ywrc 

*0 

h 

«bf 


6 eo 

«r 

«SB 


Symbol 

a 


Plot 

Symbol Description 

YCPW lateral location of wing center of pressure. In Y 0 

lateral location of wing strain gage number 1, 
in Y 0 

lateral location of wing strain gage number 2, 

In Y 0 

Orblter lateral station. In 

SRB lateral station. In 

external tank lateral station. In 

lateral location of wing reference center. In Y 0 

Orblter vertical station. In 

SRB vertical station. In 


external tank vertical station. In 
BDFLAP bodyflap deflection angle, deg. 

ELV-LI, Inboard elevon panel deflection angle, deg. 

ELV-RI * 

ELV RO* ou ^ oar< ^ elevon panel deflection angle, deg. 

RUDDER rudder deflection angle, deg 

SPDBRK speedbrake deflection angle, deg. 

Abbreviations and Subscripts 
Definition 
aileron 


Symbol 

ACPS 

BAC 

e 

ET 

1 

I 

L 

0 

MPS 

MRP 

OMS 

ORB 

r 

R 

SRB 


NOMENCLATURE (Concluded) 
Additions to Standard List 

Definition 

attitude control propulsion system 

Internal balance 

elevon 

external oxygen/hydrogen tank 
model pressure number 
Inboard 
left 

outboard 

main propulsion system 

moment reference point 

Orbital maneuvering system 

Orblter 

rudder 

right 

solid rocket booster 
solid rocket booster nozzle 


SRBN 


CONFIGURATIONS INVESTIGATED 


Configuration build-up studies were performed during this test series. 

In addition to the build-up of the major components* protuberance build-up 
studies and alternate SRB nozzle configurations were Investigated. 

Model 72-OTS dimensional data are given In Table III. 

The tested configurations Included the following components: 

AT 28 Attach structure, VL78-000063, VL78000062B, VC78-000002 

AT 29 Attach structure, VL78-000062B, 82600207000, VC78-000002 

AT 30 Attach structure, VL78-000066, 82600207000, VC78-000002 

AT,, . Attach structure, VL78-000063, VL78-000062B, VL78-000066, 

VC78-000002 

AT,« Attach structure, VL78-000063, VL78-000062B, VL78-000066, 

VC78-000002 

B 26 Fuselage, VL70-000193, VL70-000140A, VL70-000140B 

C g Canopy, VL70-000140A, VL70-000143A 

E 44 Elevon, SAS/AERO/74-344 

F 1q Bodyflap, VL70-000140B, VL70-000200 

FL 10 Feedllne, VL78-000063, VL78-000062B, VC78-000002 

FL n Feedllne, Vl.78-000063, VL78-000062B, VC78-000002 

FR 1Q Fairing, VL78-000063, VL78-000062B, 82600207000, VC78-000002 

Mj 4 Alternate OMS pod, VL70-008457 

M 16 OMS pod, VL70-000203 
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CONFIGURATIONS INVESTIGATED (Concluded) 


) 


'28 


' 86 


PS, 


PS, 


PS, 


PS, 


PS, 


PS 

PT 


6 

22 


PT 


23 


PT 


24 


PT 


25 


PT 


26 


>18 


*21 


>28 


*116 


OMS nozzle, VL70-000140A 
SRBN, VL77-000066, VC77-000002 
Electrical tunnel 
Attach ring 
4 Intermediate rings 

Aft structural ring 

Aft separation motor fairing 

Tiedown struts 

Electrical line, VL78-000063, VL78-000062B, VC78-000002 

L02 recirculation line, VL78-000063, VL78-000062B, 
82600207000, VC78-000002 

LH2 recirculation line, VL78-000063, VL78-000062B, 
82600207000, VC78-000002 

Electrical line, VL78-000063, VL78-000062B, 

82600207000, VC78-000002 

LOo pressure line, VL78-000063, VL78-000062B, 
82600207000, VC78-000002 

Rudder, VL70-000095 

SRB with alternate skirt, VL70-000066 

SRB, VL77-000066, VC77-000002 

ET, VL78-000063 , VL78-00062B, VC78-000002 

Vertical, VL70-000140A, VL70-000146A 
Wing, VL70-000140B, VL70-000200 
14 


CONFIGURATIONS INVESTIGATED (Concluded) 



Shorthand notation used In Table II Is as follows: 
°2 8 b 26 c 9 e 44 f 10 m 16 n 28 r 5 v 8 w 116 
°3 8 b 26 c 9 e 44 f 10 m 14 n 28 r 5 v 8 m 116 


Si 

= AT30 

a T31 

N86 

S21 







S 2 

11 

25 

W 

o 

AT 31 

N 86 

ps 2 

S 21 






s 3 

8 at 30 

at 3 i 

%6 

PS 2 

PS 4 

S 21 





s 6 

8 at 30 

at 3 i 

n 86 

PSl 

PS 2 

PS 3 

PS 4 

ps 6 

S 21 


s? 

8 at 30 

at 3 i 

n 86 

«1 

PS 2 

PS 3 

PS 4 

ps 5 

PS 6 

S 21 

s 8 

8 at 30 

AT 3 i 

n 86 

PSl 

PS 2 

PS 3 

PS 4 

PS 5 

PS 6 

s 18 


T 1 8 at 28 at 32 fl 10 FL 11 t 28 

T 2 * AT 2 8 AT 32 FL 10 FLyj FR 10 PT 23 PT 24 PT 26 T 28 

T 4 8 at 28 at 29 a T 32 F LlO fl 11 P$1 PS 2 PS 3 PS 4 PS 5 PS 6 PT 22 

pt 23 pt 24 PT 2 5 PT 2 6 t 2 8 


TEST FACILITY DESCRIPTION 


NASA/Langley Research Center 8-Foot Transonic Pressure Tunnel Is an 
air-medium facility capable of attaining continuously variable Mach numbers 
from 0.20 to 1.30. It Is a single return, closed circuit tunnel having 
controlled stagnation temperature, total pressure, and dew point tempera- 
ture. The test section Is 7.1 feet square. Reynolds numbers are variable 
from 0.30 x 10®/foot to 7.0 x 10®/foot, depending on Mach number and 
tunnel total -pressure limitations. Models are supported In the test sec- 
tion by a sting-sector system, but wall mounting Is possible. Schlleren 
photography Is available for flow and shock-wave studies. 


ii' 


DATA REDUCTION 


The aerodynamic force and moment data were measured by the NASA/LRC 
839 A Internal strain gage balance. The data were adjusted for tunnel 
corrections, sting and balance deflections, and model weight tares. Base 
pressure adjustments were made as follows: 

c Nb 0 * " c Pb 0 T*- tan ^o 

%f * “ c P bf 

H> = * CN b 0 (iffo) + c A bo filo) 

^bf " " %f ( 1290.* 3 ) 

r.« . . r p ^0 _ r r / Ab OMS + Ab ACPS\ 

A b 0 p b 0 S p OMS/ACPS ^ § j 


CA b ET 


A b E T 

S 



CAb SRB~ 

* C|>b SRB 

Ab SRB 

S 

" CPfa SRBN 

A bSRBN 

S 

c N f s 

tN * C Nb<) 

• ^bf 



Cmf = 

Cm • Cmb 0 

• w 



C Af = 

C A ' C A bo 

•v 

CAb SRB 



1 ' 
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DATA REDUCTION (Continued) 


where: 


Cp * Average Orblter base pressure coefficient measured 
b Q by base pressure orifices 

C P^ 8 Body flap base pressure coefficient obtained from 
bf figure 2e 


Cp 8 Average OMS base pressure coefficient measured by 
OMS OMS base pressure orifices 

Cp * Average external tank base pressure coefficient 
bjj-j. measured by ET base pressure orifices 



Average booster base pressure coefficient measured 
by SRB base pressure orifices 


1b 8 Orblter base Incidence angle, angle between Orblter 
o base and plane orthogonal to Orblter Fr»L, 14.75 
degrees 


Wing root strain gage measurements were reduced to bending and tor- 
sional moment coefficients as follows: 


'CP, 


W 


( m l - m 2) 

*<v V 

m 3 

■qrr: 


x, - (- 


-) - x 


nose 


'CP t 


V ( 


m. 


1ST 


N l 


C B 8 
B W 


C T a 

‘w 


„ ( Xfi 3 ’ X WRC) 

qSC ' \ T 
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DATA REDUCTION (Continued) 

where: 

m,, m 9 , and nu s measurements of gages 1, 2, and 3, 

1 c J respectively* In-lb 

Y« , Y r * lateral location of gages 1 and 2* respectively, 

6 1 "2 Inches Y Q 

Y WRC “ lateral location of wing reference center. Inches 
Y o 

X 3 * longitudinal location of gage 3, Inches X Q 

X wpr * longitudinal location of wing refernece center, In. X Q 

x nose “ lon 9* tu<1 * nal location of Orblter nose, 1n.X Q 
The following reference dimensions and constants were used: 


Symbol Full Scale 

Model Scale 

A k 19.1 ft 2 

d ACPS 

0.275 In 2 

A k 597.6 ft 2 

b ET 

8.604 In 2 

A bf 142.6 ft 2 

2.044 In 2 

A h 

d 0MS p 

Configuration 0 9 42.2 ft 
c 2 
Configuration 0 3 26.0 ft 

0.6075 In 2 
0.3744 In 2 

* h 314.1 ft 2 

b o 

4.523 In 2 

K 

d srb ? 

Configuration 127.5 ft 4 

S-j thru Sj 

Configuration Sg 83.5 ft 2 

1.836 In 2 
1.203 In 2 


19 


IO 


DATA REDUCTION (Concluded) 


SRBN 

Configuration 108.8 ft 2 
Sj thru S 7 

Configuration S g 117.4 ft 2 



b 936.68 In 

474.8 In 

i b 14.75 deg. 


S 

MRP 



1290.3 In. 

976.0 In X T 
0.0 In Y t 

400.0 In Z T 

2690.0 ft 2 


1542.0 In X Q 
106.0 In Y q 


1 .567 In 2 

1.691 In 2 
3.04 In 2 

2.404 In 2 

9.367 In 
4.748 In 
14.75 deg. 

12.90 In 

9.76 In X T 
0.0 In Y T 
4.00 In Z T 

38.736 In 2 
14.40 In X 0 

1.44 In Y 0 

1.94 In Y„ 
o 

15.42 In X 0 
1.06 In Y Q 


TABLE I 


IDATE * Augu st 1974 


TEST CONDITIONS 


MACH NUMBER 


REYNOLDS NUMBER 
(per foot) 


DYNAMIC PRESSURE 
(pounds/sq.ft.) 

STAGNATION TEMPERATURE 
(degrees Fahrenheit) 

418 

120 

622 

120 

710 

120 

770 

120 

850 

120 

880 

120 



3.19 X 10 w /ft 


90 X 10 w /ft 


x 10 w /ft 


2.12 x 10 w /ft 


12 x 10 7ft 



BALANCE UTILIZED: 


CAPACITY: 

880 lb 
250 lb 
125 1b 
1600 lb 


500 In-lb 


ACCURACY: 

±0.05% 

±0.05% 

±0.05% 

±0.05% 

±0.05% 


COEFFICIENT 

TOLERANCE: 


COMMENTS: 
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TABLE II. 

DATA SET/RUN NUMBER COLLATION SUMMARY 



See page 24 for dataset coefficient schedules. 






































































DATA SET/RUN NUMBER COLLATION SUMMARY 



See page 24 for dataset coefficient schedules 









































TABLE II. (Concluded) 


( )* Dataset Coefficient Schedules: 

RHC — Datasets: CN, CA, CLM, CY, CYN, CBL, CL, CD, L/D 


AHC— Datasets : 
0 + T + S 

T + S 
T 


CNF, CLMF, CAF, CNBO, CNBF, CABO, CABET, 
CABSRB, CLMBO, CLMBF 

CN, CLM, CA, CAF, CABET, CABSRB 

CN, CLM, CA, CAF, CABET 


Note: There are no A data for datasets 029-036. Base 
pressure data for tunnel runs 098-105 were bad. 


RHCM— Datasets: 


CLWI, CLWC, CMWG, CNW, XCPW, CBW, CTW 
(Datasets 02-16) 

**CLWI, CLWO, CNW, YCPW, CBW 

(Datasets 17, 18, 29-36) 


**Note: Instrumentation problems resulted In no usable CMWG, 

CTW or XCPW data for Datasets 17, 18, and 29-36. 


TABLE III. - MODEL DIMENSIONAL DATA. 


MODEL COMPONENT: ATTACH STRUCTURE - AT 28 

GENERAL DESCRIPTION: Rear orbiter to ET attach structure (LH and RH), 2 members. 


MODEL SCALE: O.OIO 

mWINO NO.: VL78-000063. VL78-000062B 


* 


#2 


MODEL DRAWING NO.: 



FULL SCALE 


MODEL SCALE 

*0 

To 

1317.0 


13.17 

- 96.50 

(LH) 

- 0.965 


96.50 

(RH) 

0-965 


2b -.2&L29— Mil 


Xt 2058.0 20.580 


X 

Ym 

- 125.68 

£ 

! 

1.257 

X 

125.68 

_ (RH) . 

1.257 

** 

Xp 

515.5 


5.155 

1317.00 


13.170 


- 96.50 

. (LH) - 

9.650 


96.50 CRN) 9.650 


2© 267.50 2.675 


Xm 

1872.0 

18.720 

X 

It 

- 125.68 

(LH) - 1.257 


125-&8 

_(M) 1.257 

«T 

504.5 

5.045 

11.5 

0.115 


Diameter, In. 


#L 


TABLE III (CONT*D) 


MODEL COMPONENT: ATTACH STRUCTURE - AT 29 

GENERAL DESCRIPTION: Right-hand umbilical fairing to ET cross member attach 

structure (1 member) . 


MODEL SCALE: 
DRAWING NO.: 
DIMENSIONS : 


O.OIO 


MODEL DRAWING NO.: 


VL7 8-00006 2B . MArt in -Marietta 82600207000 
Umbilical fairing attach point: 


ET attach point: 



FULL SCALE 

MODEL SCALE 

X o 

... 1312x90- 

13.170 _ 

Y- 

66.316 

0.663 __ 

o 

Zo 

2L7.82 

2A78 _ 

Xtjt 

2Q5gx&83 

_22*5S2 

y t 

_ 66.316 

Q.663 

&T 

*T 

Ym 

583.683 

5.837 

2058.00 

20.580 

- 12.00 

- 0.120 

1 

b 

*o 

568.25 

5.68^ 

1317.00 

13.170 

u 

*o 

- 12.00 

- 0.120 

2b 

60*21. 

0.608 


Jtzt 


O^i. 


Attach structure dia. , in 


© 

TABLE III (CONT’D) 

MODEL COMPONENT: ATTACH STRUCTURE - .AT30 

GENERAL DESCRIPTION: Forward .SRB to .ET attach structure (left-hand 

and right-hand). 

MODEL SCALE: O.OIO 



DRAWING NO. : VL78-000066, Martin Marietta 826 00204300 



DIMENSIONS: 

FULL SCALI 

5 MODEL SCALE 


ATTACH POINT Xp 

965.675 

9.857 


t t 

- 172.50 

(LH) -1.725 



172.50 

(HH) 1.725 


Zt 

00 

00 


Xe 

442.675 

4.427 


*a 

80.00 

0.800 


Zs 

00 

00 


Xo 

244.675 

2.447 


To 

-184.5 

- 1.845 



184.5 

1.845 

i 

Zo 

00 

00 




TABLE III (CONT'D) 


MODEL COMPONENT: ATTACH STRUCTURE - AT^ 

GENERAL DESCRIPTION: Rear ET to . SRB attach structure (LH and RH) (3 members) 

MODEL SCALE: O.OIO MODEL DRAWING: ________ 

DRAWING NO. : VL78-OOOQ63. VL78-000062B, VL78-000066 


DIMENSIONS: 


#L 


#3 


PULL SCALE MODEL SCALE 


X T 

Y T 

Zt 

X, 


, - 2Q58.00 
-JLZ2uiQ_ 


..39 1. 580 


m, 5Q 

—457.00 

-1511. QQ 
SL2 L 


— 1/2 1 5 


AJ3JL 


4 /57Q 


(LH) 

(RH) 


15. 11 Q 


0 

Z 3 

.57.00 

0.570 

X»p 

2058.00 

20.580 

y t 

“-163*85 

_ - 1.639 

z? 

449.81 

A.498 

x s 


15.110 

Y 3 

76.56 

0.766 

Z s 

• 15.73 

0.157 

X T 

2058.00 

20.580 

yt 

“J.61,72 

- - 1.617 

zt 

343.00 

3. 430 

X 3 

1511.00 

. 15.11 

Y s 

_ 53.24 

0.532 

Zs 

=->7/00 

- 0.570 


0/^44 p 
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TABLE III (CONT’D) 





MODEL COMPONENT: ATTACH STRUCTURE - AT 32 

GENERAL DESCRIPTION: Forward orbiter/ET attach structure (2 member structure) 


MODEL SCALE: 
DRAWING NO.: 
DIMENSIONS : 


O.OIO MODEL ERA WING NO.: 

VL78-000062B. Mart in Marietta 8260020914 

FULL SCALE 


Member #1 

*o 

Attach point on Orbiter Zo 
(Zj. « 614) ^ 

Y t 

(Attach point on tank) Zp 
Member #2 Lp 


Y T 

Zt 

*0 

*o 


388.15 

2 

fl ffi.H k 

1129.9 

46.50 

_i.62J.8___ 

388.15 

0 

IKR ML 

1 1 29 - 9 

- 46.50 
562.58 


Attach structure dia., In. 


6.0 


MODEL SCALE 
3.882 

_0 

LWR ML 
11.299 

0.465 

5.626 

3.882 

0 

LWR ML 
11.299 
- 0.465 
5.626 
0.060 


on''. 

QF i'OOii 


29 











TABLE III (CONT’D) 


MODEL COMPONENT : elevon . e u 


GtNERAL DESCRIPTION: — 6,0 In. F.S. gaps mac hined Into elevon. Flippe r 

doors, conterbodr Pieces, and tins eala are not simulated. (Data are 

for one aide.) _ 

ttODffl. SCALE: Q.Q10 

DRAWING NUMBER : Not available. 


DIMENSIONS: 


FULL-SCALE 


Area- Ft 2 

Span (equivalent) , In. 

Inb'd equivalent chord. In. 

Outb'd equivalent chord , In. 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equlv. chord 

At Outb'd equlv. chord 

Sweep Back Angles, degrees 

Leading Edge 


Trailing Edge 
Hingeline 

(Product of Area & c) 


Area Moment 


118.0 

55.19 


0.2096 

JQJtQQA. 


0.00 

■ 10-056 

SLSQ. 

1587.25 

90.7 


MODEL SCALE 

0.021 

3.492 

1.180 

0.552 


0.2096 

QMm 


— Q.tQQ 

- 10.056 

0.00 

— QyQQ^59 
0.907 


Mean Aerodynamic Chord, In. 


o 


TABLE III (CONt»D) 


MODFL COMPONENT ' BODY FLAP - F 10 

GENERAL DESCRIPTION • ConflgurM-t*™ Mwaiina 

located at X p - 1532. Z t - 287. 


MODEL SCALE: O.OIO 

DRAWING NUMBER : VL«yo-oooiiQO r VL70-3S5HL 


DIMENSIONS : 


FULL SCALE MODEL SCALE 


Length (X 0 »1525.5 to 1613), In. 67.50 0**7$ 

Mox Width (0 L.E., X 0 - 1525 . 5 ) . In. 256.00 2.560 

Max Depth (0 X Q - 1532), In. 19.798 £L12&_ 

Fineness Ratio _______ _____ 

Area ~ Ft^ _ , ______ 

Max. Cross-Sectional («H.L.) 35.196 0.0035 

Planform 185.00 0.0135 

Wetted _____ 

Base (0 Xq » 1613) kJSS O.OQOU9 


t I 
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TABIE in (CONT'D) 


MODEL COMPONENT: FEEDLINE - FL 10 

GENERAL DESCRIPTION: LH 2 feedline on upper left-hand side of Tgg 


MODEL SCALE: O.OIO 

DRAWING NO. s VL78-000063, VL78-000062B 
DIMENSIONS: 


TOr.SCAIg 

MODEL SCALE 

Leading edge at: 

x T 





*t 

--..‘Z&Q. . 

- 0.70 


Zt 


5.719 

Trailing edge at: 

*t 

2061.8 

20-818 


t t 

— s ?9*P 

- 0.700 


2T 

PS? 

j Lm 

Diameter of line (17.0 I.D.) 


18.160 

0-182 
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TABLE in (CONT'D) 


MODEL COMPONENT: FEEDLINE - FL n 

GENERAL DESCRIPTION: LO 2 feedline on ujoer right-hand of T 2 g. 

MODEL SCAIE: O.OIO 

DRAWING NO. : VL78-000063, VL78-000062B 


DIMENSIONS: 


FULL SCALE 

Leading edge at: 

Xt 

WOQ.W 


I T 

..TOtflP.. 


Zt 

150.519 

Trailing edge at: 





*t 

70.000 


Zf 

573.93L 

Diameter of line (17.0 I.D. ) 


18-14 0 






MOCK. SCALE 
10-007 

0.700 

JM 

20.71$ 

0.700 

■ St-Z2? 

, . Q Agft 
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TABLE HI (CONT'D) 

MODEL COMPONENTS FAIRING - FRio 

GENERAL DESCRIPTION: Umbilical door failing between eft ET/orbiter 
attach structure. 


MODEL SCALE: 

O.OIO 


DRAWING NO. : 

VL78-000063, -000062B, Martin-Marietta 8260020?000 


DIMENSIONS: 


MODEL SCALE 

Leading 

edge at X T 2052.0 

j&m 

Length 

193.00 

1.930 

.Width 

-- tf.PP- 
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TABUS III (COMT’D) 


MODEL COMPONENT : QMS POD - Mi _ 

GENERAL DESCRIPTION • Preliminary IHL version o r "hort, CMS pod 
(First used on 0.015 "rale model 36-0- for te«»t No. 3A83). 


MODEL SCALE: 0.010 

DRAWING NUMBER : . VL70-QQ845? 


DIMENSIONS : FULL SCALE MODEL SCALE 

Length (QMS Fvd Sta. Xq- 1311) In. 254. 0 2.540 

Max Width (@ X Q - 1511) In. , ,3.35.6 1.356 

Max Depth <@ X Q « 1511) In. 73.6 0-736 

Fineness Ratio 2.5411. - 2. 541 

Area “ — ■ . 

Max. Cross-Sectional 54. 507 0.00545 

Planform ____________ _______ 

Wetted 


Base 


DRAWING NUMBER : 


DIMENSIONS : 

FULL SCALE 

MODEL SCALE 

Length (OMS Pwd Sta * o «1310.5) 

258.50 

2.685 

Max Width (® ** In* 

136.8 

1.368 

Max Depth (® X ® 1511)) In. 
o 

7L.70 

sum 

Fineness Ratio 

2.L8L 

2.UBU 

Area ~ 

Max. Cross-Sectional 

58.86L 

0.00589 


Planform 





TABUS III (CONT'D) 


t 


D 


MODEL COMPONENT: Q MS NOZZLES - N 

GENERAL DESCRIPTION: n 1AOA/B OrMter CMS Nozzlea 



MODEL SCALE: O.OIO 

DRAWING NUMBER: VL70-0001A0A ( Location ) . SS-A00106. Rel. 5 (Contour) 

DIMENSIONS: FULL SCALE MODEL 3CALE 

% 

MACH NO. 

Length - In. 

Global Point to Exit Plane _ _________ 

Throat to Exit Plane 


Diameter - In. 
Exit 
Throat 
Inlet 

Area - ft^ 
Exit 
Throat 


Global Point (Station) • In. 
Left Mppstx Nozzle 

■*o 


*o 

^o 

Right 


Snoot Nozzles 


Y© 

2o 


+ 


Null Position - Deg. 

Left K nor Nozzle , , „ (OUTO'D) 

^Pitch (Pitch (15°49 ' } Yaw 12°17' 

Yaw 


Right t&K* Nozzle 

Pitch Null: 15°A9’ 

Yaw 12fl7’0UTB*D 


1518.0 

15.180 

88.0 

+ 0.880 

492.0 

4^20 

1518.00 

15.180 

ii.o 

0.866 

492.0 

_ 4.020 

PITCH 
+S 

YAW 9 

13°17 ' OUTBOARD 
2 30' INBOARD 


t 8 

13°17'OUTB»D 
2°17' INB'D 

-*8 

. 13°17» OUTB'D 

2° 17' INB'D 
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TABLE III (CONT'D) 

MODEL COMPONENT: BSRM NOZZLE - Ng£ 

®NERAL DESCRIPTION: Booster solid rocket motor nozzles 


MODEL SCALE: O.OIO 
DRAWING NO. : VL70-000066 
DIMENSIONS: 

Diameter, D^ - in. (i.d. ) 
Diameter D^ - In. (o.D. ) 

Diameter DT - In. 

Diameter D, - In. 
in# 

Area - Ft^ 

Max. Cross-sectional (I.D.) 
ffimbal Origin: 

Left Nozzle 
Xo 

Y 0 

2o 

Right Nozzle 

Xo 

Yo 

Zo 

Null Position - Deg. 

Left nozzle ^imbal 
Right nozzle gimbal 


E^-SCALE 

144.29 

146.79 


SCALE 


liMd 


tax 


J3S2A 

zJSSUSS. 

—400.0 


12x026 



-250.5 

I 2*505 

-400.0 

4.000 

± 8 

± 8 

t ® 

± 8 
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TABLE III (CONT'D) 

MODEL COMPONENT: SRB PROTUBERANCE - PSi 

DESCRIPTION: Bartel f* fllrlnt on ^ ^ ^ 

MODEL SCALE: O.OIO 
DRAWING NO. : None 

DIMENSIONS (DATA FOR 1 OF 2): 


Leading edge at X B 

ruw, auaus 

-M 7-00 

MODEL SCA] MC 
_4.670 

Centerline of tunnel Y B 

Q-. 

0 

Trailing edge at X B 
Height 

^«0-0 
3>00 

18,200 

0.0% 

Width 

Lsa. 

0.060 

Leading edge, deg. 

- 72 

21 _ 
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TABLE XII (CONT'D) 


MODEL COHPOHB I T: SRB PROTUBERANCE - PS 2 
GENERAL DESCRIPTION: SRB/ET attach ring 


MODEL SCAIE: 0.010 

DRAWING MO.: VL77-000036A 

DIMENSIONS (DATA FOR 1 OF 2) FULL SCALE 

Centerline at X<j> 151$. 0 

Width 10*0 

Height l 0«0 


MODEL SCALE 
15.150 

OtXQO 
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TABLE III (CONT’D) 

MODEL COMPONENT : SRB PROTUBERANCE - PS3 

GENERAL DESCRIPTION: Separation rocket fairing on each SRB nozzle shroud 

located 30° inboard from top centerline* 

MODEL SCALE: 0.010 


DRAWING NO. : VL77-000036A 



DIMENSIONS (DATA FOR 1 OP 2): 

EP& SQ4US 

MODEL SCALE 

Leading edge at Xg 

1W6.0 

17-960 

Trailing edge at Xg 


IS* 890 

Radial location is 30° inboard from top centerline. 





'Mir? 


43 


b 

TABLE III (CONT»D) 

MODEL COMPONENT: SRB PROTUBERANCE - ps 4 • 

(WSERKL DESCRIPTION: APT STRUCTURAL RING. Ring stiffener located at 

aft end of solid rocket booster. 


MODEL SCALE: 0.010 
DRAWING NO.: NONE 

DIMENSIONS: 

Height, In. 

Width, In. 

Location of centerline, In* Xg 


PULL SCALE MODEL SCALE 
8.0 _ Qf,0£> 

6.0- — AflflL 

1833-7 2&22Z- 


TABLE III (CONT'D) 

MODEL COMPONENT: SRB AFT SEPARATION MOTOR FAIRING - P$5 
GENERAL DESCRIPTION: Fairing over aft separation motors on 
Fairing covers four separation motors. 


MODEL SCALE: O.OIO 
DRAWING NO.: SS-A01184 

DIMENSIONS 
Length 

Max. thickness 
Depth 

from SRB malnbody 
from skirt 

Leading edge of fairing at X s 
Leading edge sweep angle 


FULL SCALE 
278.0 

14.0 

49.838 

19.0 

1547.2 

75° 


SRB. 


MODEL SCALE 
2.78 

♦ 14 

♦498 

♦ 190 

15.472 

75° 
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TABLE III (CONT'D) 


MODEL COMPONENT: TIEDOWN STRUTS - PS 6 

GENERAL DESCRIPTION: 4 Tiedown struts on SRB skirt. 


MODEL SCALE: O.OIO 
DRAWING NO.: SS-A01184 

DIMENSIONS: FULL SCALE 

Length 64.0 

Max. thickness 14.0 

Max. depth 8.0 

Leading edge of fairing at X s 1861.2 


MODEL SCALE 
♦64 
.14 
♦08 

18.612 


table: m (cont«d) 


MODEL COMPONENT: ELECTRICAL LINE - PP 22 

GENERAL DESCRIPTION: Left-hand electrical conduit line on Tg} . 

MODEL SCALE: O.OIO 


DRAWING NO. : VL78-000063, 

-00006 2B 


V 

DIMENSIONS: 


FULL SCALE 

MODEL SCALE 

Leading edge at: 

X T 

1084.333 



y t 

- .--92.591 

r 


Zt 


- i-y>6 

Trailing edge at: 

Xf 

2058.000 

20.580 


Tf 

■■ r. 99* m 

- Q*2& 


Zt 

- 139.620 

. - 1.396 

Conduit size: 


?jlO * ,6, t p 

- 9,920 x 0 t Q60 

Centerline of line located radially at 0 

- 35.5° 



TABLE III (CONT’D) 

MODEL COMPONENT: L0 2 RECIRCULATION LINE - PT^ 

GENERAL DESCRIPTION; LO 2 recirculation line on right-hand upper aide 
of T 2 g. 


MODEL SCALE: 0.010 




DRAWING NO. : VL78-000063, 

-0U0062B, 

Martin Marietta 82600207000 

DIMENSIONS: 


FULL SCALE 

MODEL SCALE 

Leading edge at: 

X T 

- im&7 

*Ot4Q7 ... 


I T 

. 94-16? 

-- 


2t 

mm 

9.409 

Trailing edge at: 

Xt 

2062-920 

20.629 


y t 

79 rOP 

.. PtZXL, 


Zt 


9,»739 

Diameter of line 




Q.040 


Centerline of lines located radially 
at 0 » 33°45 ' 

(Right of TDC looking forward.) 




TABLE III (CONT'D) 

MODEL COMPONENT: LH 2 RECIRCUUTION LINE - PT^ 

GENERAL DESCRIPTION: LH 2 recirculation line on T^. 

MODEL SCAIE: O.OIO 

DRAWING NO. : VL78-000063, -000062B, Martin Marietta 82600207000 


DIMENSIONS: 


FULL SCAlE 

MODEL SCAIE 

Leading edge at: 

Xj. 

1040.667 

10-607 _ 


y t 

- 9At U3L 

“ 9*21*2 . _ 


’h 

. 

S- 409 

Trailing edge at: 


2062.920 




y t 

- 70.000 

- 0.700 

Diameter of line 

Zt 

m,m . 

4.0 

—1*222 


Centerline of line located radially at 0 « 33°45 ' . 


(Left of TDL looking forward) 


TABUS III (CONT'D) 


MODEL COMPONENT: ELECTRICAL LINE - PT25 

GENERAL DESCRIPTION: Right-hand aft electrical conduit lino on Tjs with 
LH 2 pressure sensor line and L0 2 vent valve actuator line. 


MODEL SCAUS: O.OIO 

DRAWING NO.: VL78-000063, -000062B, Martin Marietta 82600207000 


DIMENSIONS: 


FULL SCALE 

MODEL SCALE 

Leading edge at: 

X T 


l&iSU 


It 

.. .-32^21 

0-996 




1-396 

Trailing edge at: 

x T 

.soje^oo 




y t 

...9 SLJ21- 

0«994_ __ 


Zt 

ULm 

U26 

Conduit size 


2.0 x 6.0 

0.020 x 0.060 


Canterline of line located radially at $ = 35.5° 
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TABLE III (CONT»D) 

MODEL COMPONENT: L0 2 PRESSURE LINE - PT 26 

GENERAL DESCRIPTION: L0 2 pressure line on the Tjjg. 

MODEL SCALE: O.OIO 

DRAWING NO.: VL78-000063, -000062B, Martin Marietta 82600207000 


DIMENSIONS: 


FULL SCALE 

MODEL SCALE 

Leading edge at: 

Xt 

3W.733 

— LiS 2 


y t 


-&151 


Z<p 

407.718 

-A-S.7Z 

Trailing edge at: 

X T 


. 20-83? 


y t 



-0.633, 


Zt 

609.00 

6.090 

Line diameter 


2.0 

0.020 


Centerline of line located radially at 0 « 27° 


TABLE III (CONT'D) 


MOOEL COMPONENT: RUDDER - R f 

GENERAL DESCRIPTION: Configuration 140C orbit er rudder (Identical to 

UtQL/Ji *»udH«w») 


MODEL SCALE; O.OIQ 


DRAWING NUMBER: 


DIMENSIONS: 


VL7Q-0QQQ95. -00 01A6B 

FULL-SCALE 


Area - Ft 

Span (equivalent) , In. 

Inb'd equivalent chord, in. 

Outb’d equivalent chord* In. 

Ratio movable surface chord/ 
total surface chord 

At Inb’d equlv. chord 

At Outb'd equlv. chord 

Sweep Back Angles* degrees 

Leading Edge 

Tailing Edge 

Hlngellne 

(Product of Area and c) - 
Area Moment (No m rt- t o- h +nge- H ne) ,FV 


100.15 

201.0 

_£L££L 

50.833 


0.400 

0.400 


2L21 




610.92 

73.2 


MODEL SCALE 

0.0010 

2.010 

o.5oe 


0.400 

0.400 


26225 

3A.83 

0.00061 

0.732 


Kean Aerodynamic Chord, In. 


TABLE III (CONT’D) 



MODEL COMPONENT BOOSTER SOLID ROCKET MOTOR - 

GENERAL DESCRIPTION : Configuration MCR5QO. Data for 1 of 2 sides. 


MODEL SCALE : O.OIO 

DRAWING NUMBER : VT^-nnnnAA 


DIMENSIONS : 

FULL SCALE 

MODEL SCALE 

Length (Includes nozzle), In. 

1989.4 

19.894 

Max Width (Tank Dia.). In. 

j.46.0 

1.460 

Max Depth (Aft Shroud) In. 

192.0 

1.920 

Fineness Ratio 

UM 

9.068 

Area - Ft^ 

Mo;.. Cross-Sectional 

201.062 

0.0201 

Planform 

Wetted 

Base 

W.P. of B3RM Centrrlin* (£p). In. 

4 00.00 

4.000 

PS of BSRM No»p (Xp), In. 

743.00 

7.430 


I: 


S3 


TABLE III (CONT’D) 




MODEL COMPONENT : — 2 
GENERAL DESCRIPTION * . 




* SOLID Ri 




: MftTflR - Son 


MODEL SC AT.Br O.OIO — — 

DRAWING NUMBER : ,^72-0001430, VL77-OOOQ66 


DIMENSIONS : 

FULL SCALE 

* 

MODEL SCALE 

Length Includes noaale). In, 

xmjtiL — 

17.324 

Max Width (Tank Dia., In.) 

U£u o 

1.460 

)fagxdV|nb(Aft shroud Dia*) > In. 

192.0 

1.220 

Fineness Ratio 

9.3198,. 

2,2122 

Area - Ft 2 



Max. Cross-Sectional 

201.062 _ 

0.0201 

Planform 



Wetted 



Base 



WP of BSRM centerline (Zj.) 

400.0 

4.00 

FS of BSRM nose (JCj.) 

743.0 

7.430 

BP of BSRM centerline (Y^l 

250.5 

2.505 
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TABLE III (CONT'D) 


MODEL COMPONENT : EXTERNAL TANK - Ton 

GENERAL DESCRIPTION • 


, MQPSL SCALE; Q.Q1Q 

DRAWING NUMBER : VL72-0001i^D . VL78-00006^ 

(Dimensions are to tank structural OiML, TPS not included) 


DIMENSIONS : 


FULL SCALE MODEL SCALE 


Length, In. 

Max^tobhDia., In. 

Max Depth 
Fineness Ratio 
Area - Ft 2 

Max. Cross-Sectional 
Planform 

Wetted 


im*225 l&Jkkl 
331*0 131 Q 


L6S7 5.687 


59 A. 678 0.059 


Base 


table hi (cont»d) 


model COMPONENT: VERTICAL - Vg * - 

GENERAL DESCRIPTION: Configur a te nn 1AQA/B orbit er Yftrt.lfiftl tai l 


MODEL SCALE: O.OIO MODEL DRAWING: SS^A00148, Release 6 

DRAWBJG NUMBER: VL70-0001A6A — 


DIMENSIONS: 

* 

TOTAL DATA 

Area (Theo) - Ft^ 

Planform 

Span (Theo) - In. 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Sweep-Back Angles, Degrees. 
Leading Edge 
Trailing Edge 
0.2^ Element Line 

Chords: 

Root (Theo) ’/IP 
Tip (Theo) VIP 
MAC 

Pus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 

Airfoil Section 

Leading Wedge Angle - Deg. 
Trailing Wedge Angle - Deg. 
Leading Edge Radius 

Void Area 

Blanketed Area 


FULL SCALE MODEL SCALE 



413.253 0.041 I 

315.720 

3.157 . _ 

1.675 

1.675 

0.507 
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0.40 4 

0.404,. . 

4 5.000 

45. 0Q0_ 

26.2 _ 

26.2 

41.130 

2.136 

268.500 
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ltP8S 

199.808 
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1463*50. — 

61A.522 

14.635 
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TABLE III (CONL'D) 


MODEL COMPONENT ; WINfrW^ 

GENERA*. DESCRIPTION : Configuration A 

NOTE: (Identical to Wing ^j. except airfoi). tfcLckpega, is 

SlSSS BS^LaiMJ 

MfflEI. spftf ? , ft.fflfl 


TEST NO. 


DWG. NO. VL70-Q0014QA, -000200 


DIMENSIONS: 


TOTAL DATA , 

’" 'Area (Theo.) Ft 4 
Plan form 
Span (Theo In. 

Aspect Ratio 
Rate of Taper 
T aper Ratio 

Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees . 
Sweep Sack Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords: 

Root (Theo) B.P.O.O. 
Tlo, (Theo) B.P, 

MAC 

Fus, Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 


EX POSED DATA , 

Area (theo) Ft 4 

Span, (Theo) In. BP108 
Aspect Ratio 
Taper Ratio 
Chords 

Root BP108 
Tip 1.00 b 

MAC ^ 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 

Airfoil Section (Rockwell Mod NASA) 
XXXX-64 


Root b » 
7 

Tip b - 
7 


Data for (1) of (2) Sides 
leading Edge Cuff 
P1an*c**m Area e t 


2 


Leading Edge Intersects Fus M. L* • Sta 
Leadir* Edge Intersects wing 5 Sta 


FULL-SCALE 


MODEL SCALE 


M 


.2 .3 65. 


■1.1ZL 
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JL22SL 
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^>.000 


35T 


■35.2P9. 
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117. AS 


U7U.B1 
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720, 
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29 A. 30 
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Q^QQ 


.3.000 
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P17«;? 
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-J2*flS3- 

■■■0.265 
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-1.379 

3.928 
2- SIB 
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■ 5.000- 
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Positive directions of force coefficients 
moment coefficients , and angles are 
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. Orblter Body Flap Pressure Coefficients 



a. Front View 

Figure 3. - Model Installation photographs. 
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APPENDIX 

TABULATED SOURCE DATA 


See next page for dataset name key and corresponding 
coefficient schedules. 


Tabulations of plotted data are available on request from 
Data Management Services 
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